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Outline of “Stories”
Topics to Discuss

• Emergence of Disparities and Unmasking Tumor Biology

• Population – Private Risk Alleles

• Previous race-associated risk

• BRCA1/2 in Africans

• Race vs Ancestry in  Gene Network Changes

• Cancer Pathways (altered)

• Immune response (altered)

• Tumor Immunology – Evolution at Work

• DARC phenotype?

• Novel tumor cell

• COVID-19 Disparities – the DARC connection (proposal)

• Impact of COVID-19 in cancer patients (emerging… and variable)

Melissa B Davis, PhD



Background of 
Breast Cancer 
Disparities

Emergence of biased outcomes



Emergence of 
Breast Cancer 
Disparities
Unmasking Differences in Tumor 
Biology

6
Melissa B Davis, PhD



Emergence of Survival Disparity

Lower incidence
Higher mortality
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Figure 2. Breast Cancer Incidence and Mortality Rates among

White and Black Women from the Survey, Epidemiology and End

Results Program19.
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Racial Differences in Survival – Contemporary Mediating Effectors

Warner ET, Tamimi RM, Hughes ME, et al. Racial and Ethnic Differences in Breast Cancer Survival: Mediating 

Effect of Tumor Characteristics and Sociodemographic and Treatment Factors. J Clin Oncol. 2015;33(20):2254–

2261. doi:10.1200/JCO.2014.57.1349



Global Disparities

The Imprint of an African Diaspora
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Global perspectives of Breast Cancer Incidence and Mortality

Adapted from WHO data
Africa has lowest incidence, but highest 
mortality burden

Oncologic Anthropology

Global TNBC Frequencies

Frequency, %
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35

45

55



THE AFRICAN CONNECTION 

Could our ancestral African genes 
play a role in cancer biology?

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.pon.harvard.edu/daily/business-negotiations/peacebuilders-in-action-%E2%80%93-search-for-common-ground/&ei=_ANbVPOCKcH4yQTWjYGQAw&bvm=bv.78677474,d.aWw&psig=AFQjCNEo_l-tOSU2Lj46StEYshvwA_sw5A&ust=1415337056711020


Trans-Atlantic Slave Trade

Global Human Populations and African Ancestry

Recombination of the 

founder alleles + drift

Influx  of parental 

(African) alleles

• Hybrid vs Continuous Gene Flow Models
• Identification of Population-Private Risk
• Genetic Risk that transcends the African Diaspora

African Genetic Diversity in African Americans

Sarah A. Tishkoff et al. Science 2009;324:1035-1044



Ancestrally Informative Markers Geographic Ancestry



Emerging Evidence
Differences in TNBC Tumor Biology



Population-private 
Risk Alleles

Power of Inclusion
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Ancestry‐specific hereditary cancer panel yields: Moving toward more personalized risk 

assessment

Jrnl of Gene Coun, Volume: 29, Issue: 4, Pages: 598-606, First published: 30 March 2020, DOI: (10.1002/jgc4.1257) 





TNBC case-series risk analysis of SNVs previously identified as BC risk alleles 

ANKLE1

Duff-Null
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Treatment Response?



African-specific 
BRCA1/2 Alleles

Assessing functional consequences 

Melissa B Davis, PhD



Premise: Taking SNP calls used for ancestry quantification, can we detect BRCA1/2 [somatic] 
mutations in our African and domestic RNAseq TNBC cohorts?
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BRCA2 SNPs identified in Ghanaian and Ethiopian TNBC tumors (from RNAseq) 

SNP rsID Variant Type AA Change SIFT / Polyphen Clinical Significance Ghanaian AF Ethiopian AF 
1KG 
AFR 
AF 

1KG 
Global 

AF 

rs1799943 5 Prime UTR   Benign 0.00 n = 1 - - 0.23 0.21 

rs766173 Missense N289H Deleterious / Possibly 
Damaging 

Likely benign / Conflicting 
Interpretations of Pathogenicity 

- - 0.00 n = 3 0.07 0.07 

rs144848 Missense N372H 
Tolerated / Possibly 

Damaging 
Benign / Uncertain significance 0.13 n = 4 0.30 n = 7 0.31 0.25 

rs1801439 Synonymous S455S  Benign 0.00 n = 2 0.00 n = 4 0.07 0.07 

rs1801499 Synonymous H743H  Benign 0.00 n = 5 0.00 n = 9 0.07 0.07 

rs1799944 Missense N991D Tolerated / Benign Benign 0.00 n = 1 0.00 n = 2 0.07 0.08 

rs1801406 Synonymous K1132K   0.00 n = 3 0.10 n = 14 0.27 0.27 

rs543304 Synonymous V1269V  Likely benign 0.00 n = 2 0.00 n = 4 0.17 0.17 

rs206075 Synonymous L4563L  Likely benign 1.00 n = 5 1.00 n = 3 1.00 0.97 

rs1799955 Synonymous S2414S  Likely benign 0.00 n = 1 0.40 n = 4 0.22 0.23 

rs169547 Missense V2466A Tolerated / Benign Uncertain significance - - 1.00 n = 1 1.00 0.98 

rs9590940 Synonymous V2820V  Likely benign 0.00 n = 5 0.00 n = 5 0.00 0.01 

rs1801426 
Downstream / 

Missense 
I3412V Tolerated / Benign Uncertain significance 0.00 n = 1 0.30 n = 2 0.02 0.04 



Ancestry-Associated 
Gene Network 
Changes
Power of Inclusion
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RNA sequencing of TNBC tumors 

from Ghanaian and Ethiopian women

1. Ancestry Gene Network Function

2. Novel mutations in Cancer Genes

Pan-African Comparisons



Quantified Genetic Ancestry Estimations in our ICSBCS RNAseq Cohort
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Race vs Ancestry – the “overlap”

Ancestry-Specific

“RACE”-Specific

“RACE/Ancestry”-Specific

inheritance

selection

Ethnicity

Lifestyle

Exposures

Racism

Disease 
comorbidities



Increase in immune cell movement and migration, but not 
activation, associated with High AFR cluster genes

↑ immune cell 
movement & 
migration

↓ immune cell 
activation

In directionality of 
High AFR cluster 
(Ghanaians & AA)

Immune Cell Trafficking p value range 0.0119 – 0.000502



Abundance of tumor-associated leukocytes (TAL) significantly higher 
among High AFR cluster

TAL population
High AFR 
cluster 
mean

Low AFR 
cluster 
mean

Student’s t-
test 

p value

ANOVA by 
SRR

p value

B cells naive 4.12 0.29 0.0004 0.0016

T cells CD8 4.16 1.87 0.0268 0.0248

T cells follicular 
helper

3.98 1.98 0.0019 0.0037

NK cells activated 1.01 0.27 0.0103 0.0455

Monocytes 0.55 0.14 0.0291 0.0403

Mast cells 
activated

0.02 0.61 0.0613 0.0665

TAL Absolute Score

20 25 30 35 40 45 50 55

High AFR Cluster

Low AFR Cluster

p = 0.0199

Deconvolution using CIBERSORTx



AA vs EA TNBC Immune Profiles 

Davis, M.; Martini, R.; Newman, L.; Elemento, O.; White, J.; Verma, A.; Datta, I.; Adrianto, I.; Chen, Y.; Gardner, K.; Kim, H.-G.; Colomb, W.D.; Eltoum, I.-E.; Frost, A.R.;Grizzle, W.E.; Sboner, A.; Manne, U.; Yates, C. Identification of Distinct Heterogenic Subtypes and Molecular Signatures Associated 

Davis, M.; Martini, R.; Newman, L.; Elemento, O.; White, J.; Verma, A.; Datta, I.; Adrianto, I.; Chen, Y.; Gardner, K.; Kim, H.-G.; Colomb, W.D.; Eltoum, I.-E.; Frost, A.R.; Grizzle, W.E.; Sboner, A.; Manne, U.; Yates, C. 

Identification of Distinct Heterogenic Subtypes and Molecular Signatures Associated with African Ancestry in Triple Negative Breast Cancer Using Quantified Genetic Ancestry Models in Admixed Race 

Populations. Cancers 2020, 12, 1220.



Tumor 
Immunology –

Evolution at Work

36
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DARC Immune 
Tumor Phenotype 

Unique immune response – ancestry specific

37



DARC regulates dynamic inflammatory chemokine levels via vascular 
endothelial cells and concentrations in plasma

Nibbs RJ, Graham GJ. Immune regulation by atypical chemokine receptors. Nat Rev Immunol. 2013



Graph Builder
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CD16
CD163
E-Cadherin
DNA

CD16 – neutrophil/NK/macrophage
CD68 - macrophage
Ki-67 – T-cell/proliferation
CD163 - macrophage
CD31- endothelial
CD8a – cytotoxic T

Imaging mass cytometry to define spatial distinctions
Characterizing the DARC immuno-tumor-type



TNBC tumors (n=4)

DARC high by IHC (n=2)

2x ROI from case = 4 ROI total

DARC low by IHC (n=2)

2x ROI from case = 4 ROI total

HyperionTM IMC staining of ~30 markers

Cell segmentation

histoCATTM single-cell protein analysis (meta - tSNE & phenograph clustering)

Monocytes Macrophages 

Tumor Epithelial Cells 

Ki-67 DNA

Tumor-associated Macrophages

Tumor Epithelial Cells

Monocytes DNA

DARC HighDARC Low

Cells are outlined after nuclei are 
outlined

Cytoplasmic area is identified as the 
space b/t the nuclei and the cellular 

outline



DARC-specific clusters of tumor-associated cells

Light blue, DARC high

Dark blue, DARC low



cell composition



1. Epithelial?

2. ??

3. Stromal/

Immune?

4. Immune/

Some stromal?

5. High Immune 

& Epithelial?

6. High Immune 

& High Stromal?



Highly expressing immune markers 

& stromal markers restricted to 

DARC+ Tumor

Highly expressing immune markers & 

tumor epithelial markers restricted to 

DARC+ Tumor
Colors indicate hierarchical clustering 

nodes (left, bottom)

• Hierarchical clustering 

functionally 

descriptive nodes

• distinctions between 

DARC High and DARC 

low tumors

• 7 distinct nodes 

Next steps… Look for the 

‘new DARC phenotypes in 

tissues



DARC+ 

specific

DARC+ 

specific

Tumor-associated cells that are DARC+ specific?



Novel Tumor Cell type??

Identified in ancestral African populations

Melissa B Davis, PhD 48
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A B C

D F

G H I

E

Ethiopian TMA

• Combination of Tumor Subtypes

• Investigation of tumor heterogeneity

• Distinctions associated with ancestry



H & E Col Type I & CD33 Col Type I, CD11b Col Type I, CD11b EcadCol Type I, CD33 Ecad Col Type I & Ecadh Col Type I, CD45 & Ecadh



Human evolution genetics
• African Ancestry is associated 

with a stronger immune 
response

• Specific responses include 
wound healing, cytokine 
production and inflammatory 
response

Rationale: Distinct Immune Response – Evolution Influences



Future 
Directions 
Breast Cancer 
Disparities
Artificial Intelligence, In 
vivo models, Ex vivo 
screens and global clinical 
genomics

52



Modified/Differences in 
Tumor microenvironment

Treatment response/options

Poor clinical outcomes

DARC/ACKR1 
expression

inflammation 
and Immune 
cell function

Duffy-null 
(Fy-)

Ancestry-
associatedObesity/ 

metabolism

Aggressive 
TNBC Subtypes

Systemic/germline differences 
associated with ancestry

DARC/ACKR1 Tumor 
expression

D
u

ffy-p
o

sitive v. D
u

ffy-n
u

ll ?

TN
B

C
  (

su
b

ty
p

es
) 

? 

Circulating/Tissue 
inflammation and immune 

cell profiles

Obese v. Non-Obese ?

DARC STARR Premise : DARC-regulated Race-group TME differences 
*Obesity-related? *Ancestry-related? *Duffy-null(Fy-)-regulated?

DIET



COVID-19 
Impact

Exaggerating Disparities?

Melissa B Davis, PhD
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DARC regulates dynamic inflammatory chemokine levels via vascular endothelial 
cells and concentrations in plasma

Nibbs RJ, Graham GJ. Immune regulation by atypical chemokine receptors. Nat Rev Immunol. 2013



The DARC side of COVID-19 Disparities



p = 0.059

p = 0.0002  

p = 1.98 e-06 

p < 2.2 E-16 

p = 3.534 E-08   

p = 1.076 E-13 

p < 2.2 E-16 

p < 2.2 E-16 

p = 0.5859 



Summary

• Disparities in cancer mortality can be driven by biological distinctions

• INCLUSION of genetically diverse populations will reveal distinct 

mechanisms and/or functionality of genes involved in tumor progression

• Tumor immune response may drive race/ancestry group differences due to 

evolutionary adaptation across populations

• DARC tumor phenotypes have more infiltrating  immune cells and distinct 

cell markers within immune cell groups

• Precision medicine tools can help identify new ways of treating disease 

phenotypes that are biased to certain populations
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DARC Immune 
Tumor 
Phenotype 

Unique immune 
response –

ancestry specific
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